Methamphetamine (Meth) users report having heightened sexual pleasure, numerous sexual partners, and engaging in unprotected sex due to loss of inhibitory control. This compulsive sexual behavior contributes to increased prevalence of sexually transmitted infections, but the neural basis for this is unknown. We previously established a paradigm for compulsive sexual behavior in male rats in which visceral illness induced by lithium chloride was paired with sexual behavior ( 
Introduction
Sexual health-related diseases within addict populations have raised awareness of the effects of drugs of abuse on sexual behavior, as chronic drug use is associated with unsafe sexual practices resulting in increased prevalence of sexually transmitted infections, including human immunodeficiency virus (HIV) (Crowe and George, 1989; Peugh and Belenko, 2001; Sánchez et al., 2002; Raj et al., 2007; Fisher et al., 2011) . These effects of drugs on sexual behavior are well documented for the psychostimulant methamphetamine (Meth). Meth users often report heightened sexual desire, arousal, and pleasure and identify these factors as primary motivation for drug use (Semple et al., 2002; Schilder et al., 2005; Green and Halkitis, 2006) . Moreover, Meth abuse is commonly associated with loss of inhibitory control of sex behavior or sexually compulsive behavior (Halkitis et al., 2001; McKirnan et al., 2001; Rawson et al., 2002; Green and Halkitis, 2006) and increased prevalence of HIV (Frosch et al., 1996; Halkitis et al., 2001; Parsons and Halkitis, 2002) .
Human reports demonstrating Meth use as a predictor of sexual risk behaviors are based on self-reports from chronic Meth users that lack a reliable measurement for the relationship between Meth use and sexual behavior (Frohmader et al., 2010b) . Thus, an investigation into Meth-induced changes in sexual behavior under controlled experimental settings using an animal model is required to understand the complex association between Meth and sexual behavior.
Recently, our laboratory examined the effects of acute Meth on compulsive sex-seeking in male rats (Frohmader et al., 2010a) . These studies used a conditioned sex aversion paradigm in which male rats learned to associate mating with subsequent visceral illness (Peters, 1983; Agmo, 2002) . Once this association between mating and the aversive stimulus was established, animals would not initiate mating behavior (Davis et al., 2010; Frohmader et al., 2010a) . Meth pretreatment of a single injection weeks before conditioning disrupted the acquisition of inhibited sexual responses (Frohmader et al., 2010a) . Thus, Meth-pretreated male rats were seeking sexual behavior even though mating was associated with an aversive stimulus; this was termed maladaptive or compulsive mating.
As previous studies testing the effects of an acute drug injection and research investigating the effects of repeated Meth on male rat sexual behavior is limited, the main goal of the current study was to investigate the effects of repeated Meth administra-tion on different aspects of sexual behavior including performance, compulsive seeking of sex, and reward. First, the effects of repeated Meth on mating were tested following drug administration and after periods of drug abstinence to distinguish between short-and long-term effects of Meth on sexual function. Next, the effects of repeated Meth administration on maladaptive sex behavior were investigated, implementing the conditioned sex aversion paradigm. In addition, it was determined whether learned associations between repeated Meth exposure and sexual behavior were essential for the effects of Meth on maladaptive sexual behavior. Finally, it was tested whether repeated Meth exposure results in enhanced reward for Meth and/or mating, as determined by conditioned place preference (CPP) paradigms.
Materials and Methods

Subjects
Adult male Sprague Dawley rats (210 -225 g) were obtained from Charles River Laboratories and housed in same-sex pairs in standard Plexiglas cages (home cages) containing pieces of PVC pipe for environmental enrichment. Animals were housed in a room maintained at a 12/12 h reversed light/dark cycle (lights off at 11:00 A.M.) with food and water available ad libitum. All testing was performed during the dark cycle under red illumination. Stimulus females (200 -225 g; Charles River Laboratories) used for sexual behavior were bilaterally ovariectomized and received a subcutaneous implant containing 5% estradiol benzoate and 95% cholesterol. To induce sexual receptivity, females were administered 0.5 mg of progesterone in 0.1 ml of sesame oil (s.c.) 4 h before sexual behavior. Experimental procedures were approved by the Animal Care Committee at the University of Western Ontario and the University of Michigan Committee on Animal Care and Use and were in agreement with guidelines outlined by the Canadian Council on Animal Care and National Institutes of Health.
Experimental designs
Sexual behavior
The current experiment investigated the effects of repeated Meth on sexual performance and motivation immediately following drug injection and following drug abstinence periods. Thirty-three male rats gained sexual experience in separate test cages (mating arenas; 60 ϫ 45 ϫ 50 cm) containing clean bedding during five twice-weekly mating sessions. During each mating session, males were allowed to mate with a receptive female until the display of one ejaculation or for 1 h, whichever occurred first. One week following the last mating session, males were habituated to experimental procedures and received a subcutaneous injection of 1 ml/kg saline for three consecutive days. Following each injection, animals were placed in Plexiglas locomotor activity chambers (40.5 ϫ 40.5 cm; Med Associates) equipped with 16 ϫ 16 photobeam arrays; locomotor activity was recorded for 30 min. In addition to recording ambulatory behavior following treatment injection, placing males in the locomotor chambers provided a drug-associated environment distinct from that of mating behavior. Next, males received a daily injection of 1 or 2 mg/ml/kg Meth or vehicle (saline, 1 ml/kg; n ϭ 11 each) for 7 consecutive days. Following each injection, males were placed in the locomotor activity chambers and locomotor activity was recorded for 30 min, after which they returned to their holding cages. On the last day of Meth administration, males were removed from the locomotor activity chamber after 30 min and placed in the mating arena to test for effects of Meth on sexual behavior. Animals were tested again for sexual behavior in the mating arenas following 1 d or 1 week of drug abstinence.
During the mating sessions, standard parameters for sexual behavior were observed and recorded, including latencies to mount (time from introduction of female to first mount) and intromission (time from introduction of female to first intromission), which are indicative of sexual motivation (Hull et al., 2002) , as well as latency to ejaculation (time from first intromission to ejaculation), numbers of mounts and intromissions before ejaculation, and postejaculatory interval, which are measures of sexual performance (Hull et al., 2002; Pfaus, 2009) . Differences between groups were determined for each parameter of sexual behavior using nonparametric Kruskal-Wallis analysis and Dunn's post hoc comparisons, at significance levels of 0.05.
Locomotor activity
Locomotor activity following each Meth injection was analyzed using Med Associates analysis software as distance traveled within 5 min intervals. Group differences were examined using nonparametric Kruskal-Wallis analysis and Dunn's post hoc comparisons. To examine Meth-induced locomotor sensitization, Meth-induced activity during the last 10 min of the test was compared between the first and seventh injection day within each drug dose treatment group using paired t tests. A significance level of 0.05 was applied to all comparisons.
Conditioned sex aversion
Experiment 1. First, 50 male rats were habituated to saline injections for three consecutive days and males gained sexual experience during three mating sessions. Before each mating session, animals were injected with either 1 mg/kg Meth or 1 ml/kg saline (s.c.), placed in mating arenas, and, 30 min later, were allowed to mate with a receptive female until ejaculation or 1 h. Parameters for sexual behavior were recorded and analyzed (see Sexual behavior, above). Two weeks later, animals were subjected to a conditioned sex aversion paradigm. Males were subdivided into four experimental groups according to pretreatment (Meth or saline) and conditioning [lithium chloride (LiCl)-paired or -unpaired]; groups were saline-unpaired (n ϭ 12), Meth-unpaired (n ϭ 12), saline-paired (n ϭ 13), and Meth-paired (n ϭ 13). The conditioned aversion paradigm consisted of eight consecutive 2 d conditioning trials. During the first day, all males were placed in the mating arena for a 10 min habituation period, after which a receptive female was introduced. Females were scented by swabbing almond oil on the neck and base of the tail before mating, as olfactory cues have been shown to facilitate male approach behavior and to strengthen conditioning (Lawrence and Kiefer, 1987; Agmo, 2002) . Males were allowed to mate for 30 min or until one ejaculation. If intromissions did not occur within the first 15 min, mating was terminated. One minute following ejaculation or trial termination, males were given a 127.2 mg/kg intraperitoneal injection of 10 ml/kg LiCl (paired males) or saline (unpaired males). LiCl or saline were administered regardless of whether mating occurred. The following day, unpaired males received a 10 ml/kg injection of LiCl while paired males received saline. Animals were returned to the home cage after injections.
Experiment 2. To test whether the effects of Meth pretreatment on conditioned sex aversion were dependent on the simultaneous exposure to Meth and mating or due to Meth alone, an additional experiment was conducted. Male rats (n ϭ 20) received sexual experience during five mating sessions but without Meth or saline treatments (n ϭ 10 each). Instead, 1 week after sexual experience, they received seven once-daily injections of either Meth (1 mg/kg, s.c.) or saline and 2 weeks later were subjected to the conditioned sex aversion paradigm (see Experiment 1, above).
For both experiments and during each conditioning trial, parameters for sexual behavior were analyzed and group differences were determined for each conditioning trial using a two-way ANOVA (factors: Meth/saline pretreatment, conditioning). Pearson 2 analysis was used to compare differences between groups in the percentages of males that displayed mounts, intromissions, or ejaculation within each conditioning trail.
Conditioned place preference
To test whether Meth pretreatment affected reward for Meth or sexual behavior, CPP experiments were conducted. A three-compartment apparatus (Med Associates) containing two larger outer chambers (28 ϫ 22 ϫ 21 cm) with distinguishable visual and tactile cues and separated by a small central compartment (13 ϫ 12 ϫ 21 cm), was used for all CPP experiments. Doors on both sides of the central compartment separated the chambers, and could be raised to allow the animals' free movement throughout the apparatus, or lowered to confine them to a particular area. The apparatus was equipped with photobeams to measure the time spent in each chamber. On the first day, a 15 min pretest was conducted to determine each animal's initial chamber preference, whereby each animal was allowed to roam freely between chambers of the CPP apparatus. No significant preferences for either chamber were detected between experimental groups. Animals were excluded from the study if they displayed an extended preference for a specific chamber (a difference over 120 s; shown by Ͻ10% of the subjects). Conditioning was conducted during days 2 and 3. During conditioning, the initially unpreferred chamber (paired chamber) was paired with a reward manipulation for 30 min. The initially preferred chamber (unpaired chamber) was paired with a control manipulation. The order in which the animals were exposed to the paired and unpaired chambers was counterbalanced within each experimental group. A posttest that was procedurally identical to the pretest was conducted on the fourth and final day. Experiment 1. First, 50 male rats were habituated to saline injections for three consecutive days and males gained sexual experience during three mating sessions. During each mating session, animals were injected with either 1 mg/kg Meth or 1 ml/kg saline (s.c.), placed in test cages, and, 30 min later, allowed to mate with a receptive female until ejaculation or 1 h. Parameters for sexual behavior were recorded and analyzed (for description, see Sexual behavior, above). One week later, animals were distributed into four experimental groups matched for drug treatment and sexual performance for CPP testing. During conditioning, males were injected with either Meth or saline (matching the prior drug treatment) and 30 min later were allowed to mate until ejaculation. One minute following ejaculation, the animal was placed into the paired chamber. The unpaired chamber was associated with either an injection (Meth or saline) or mating without an injection. Following the posttest, a preference score (the percentage of time spent in the paired chamber during the pretest and posttest; calculated as time spent on paired chamber divided by time in paired ϩ unpaired chamber ϫ 100) and CPP score (Experiment 1; difference in time spent in the paired chamber during the posttest minus the pretest) were calculated for each subject. Preference scores were compared within experimental groups using paired t tests and CPP scores were compared between experimental groups using a one-way ANOVA and Fisher's least significant difference test for post hoc comparisons, all with 95% confidence levels.
Experiment 2. To test whether effects of Meth pretreatment on CPP for Meth or mating were dependent on the simultaneous exposure to Meth and mating or due to Meth alone, an additional experiment was conducted. Male rats received Meth (1 mg/kg) and mating simultaneously for 4 consecutive days (n ϭ 10). Two control groups remained sexually naive and received either Meth or saline (n ϭ 10 each). One week later, CPP for Meth was conducted. All males received an injection of Meth in the paired chamber and a saline injection was associated with the unpaired chamber. Preference scores were calculated and compared within experimental groups using paired t tests with significance level of 0.05.
Experiment 3. To test whether simultaneous exposure to Meth and mating is critical for altered sexual reward, a mating CPP study was conducted. Male rats received either Meth (1 mg/kg) or saline simultaneously with mating for four consecutive days (n ϭ 10 each). One week later, CPP for sexual behavior was tested. All males were placed in the paired chamber following mating and no mating was associated with the unpaired chamber. Preference scores were calculated and compared within experimental groups using paired t tests with significance level of 0.05.
Conditioned place aversion
To test whether Meth exposure alters sensitivity to LiCl-induced illness, a conditioned place aversion (CPA) experiment was conducted. CPA testing was conducted during the first half of the dark period using the same apparatus as that used for CPP experiments (see Conditioned place preference, above). For three consecutive days, male rats gained sexual experience concurrently with Meth (1 mg/kg) or saline (n ϭ 10 each). One week later, all males received an LiCl injection (10 ml/kg, i.p.) paired with the initially preferred chamber, while an equivalent dose of saline was associated with the initially unpreferred chamber. Following the posttest, mean preference score (the percentage of time spent in the paired chamber during the pretest and posttest; calculated as time spent on paired chamber divided by time in paired ϩ unpaired chamber ϫ 100) and CPA score (difference in time spent in the paired chamber during the posttest minus the pretest) were calculated for each subject. Preference scores were compared within experimental groups using paired t tests, while CPA scores were compared between experimental groups using unpaired t tests, all with significance level of 0.05.
Results
Sexual behavior
Meth significantly affected initiation of sexual behavior when mating was tested 30 min following the last drug injection. This effect was dose-dependent at 2 mg/kg, but not 1 mg/kg, Meth. Meth significantly increased mount and intromission latencies (p ϭ 0.001 and 0.002, respectively) compared with saline controls (Fig. 1 A) . Meth did not affect the percentages of males that initiated behavior, and 100% of males mated in all three treatment groups. Meth did not have long-term effects on initiation of sexual behavior, as Meth-pretreated males did not display altered mating behavior compared with saline-pretreated controls when mating was tested during drug abstinence days 1 and 7 (Fig.  1 B, C) . Finally, Meth did not affect sexual performance at any time as there were no effects on latencies to ejaculation (Fig. 1) or numbers of mounts and intromissions (data not shown). Thus, repeated Meth impaired initiation of mating when tested shortly after administration, but did not have long-term effects on sexual motivation or performance.
Locomotor activity Meth at either 1 or 2 mg/kg doses increased locomotor activity compared with controls (p Ͻ 0.001, 1 and 2 mg/kg; Fig. 2 A, B) . Repeated Meth administration resulted in a sensitized locomotor response-males that were administered 1 mg/kg Meth displayed a significantly greater locomotor activity following the last drug injection compared with the first injection (p ϭ 0.042; Fig. 2C ). In contrast, 2 mg/kg Meth resulted in significantly decreased locomotor activity on the last day compared with the first day (p ϭ 0.009; Fig. 2C ), which may be indicative of increases in stereotypic behaviors.
Conditioned sex aversion Sexual behavior
During the Meth pretreatment phase of Experiment 1, sexual behavior was unaffected by 1 mg/kg Meth treatment during each of the three subsequent sessions compared with saline-pretreated males (Table 1) . These results confirm lack of effects of this dose of Meth on sexual behavior, even when administered in the same environment. Moreover, Meth pretreatment did not alter sexual behavior during the first day of the conditioning paradigm (before LiCl pairing; Table 1 ) or during any of the conditioning trials in the LiCl-unpaired groups. These results confirm that Meth did not have long term effects on sexual behavior.
Compulsive sexual behavior Experiment 1. In contrast, repeated Meth treatment did enhance compulsive sex seeking. In control, saline-pretreated animals, conditioned sex aversion significantly inhibited sexual behavior. Specifically, decreased percentages of LiCl-paired males that mounted and intromitted compared with unpaired salinepretreated males were first evident on the sixth (p ϭ 0.039) conditioning trial and persisted through conditioning trial 7 (p ϭ 0.005; data not shown) and 8 (p Ͻ 0.001; Fig. 3B ). A significant difference in the percentage of males that ejaculated was first evident on the fourth (p ϭ 0.041) conditioning trial and persisted throughout conditioning (p Ͻ 0.001; Fig. 3C ). However, Meth pretreatment did affect conditioned sex aversion, as Methpretreated males paired with LiCl did not reach significant inhibition of sexual behavior until the last conditioning trial compared with unpaired Meth-pretreated males. Specifically, the percentages of Meth-pretreated LiCl-paired males displaying intromissions and ejaculation were significantly decreased only during conditioning trial 8 (p ϭ 0.03 and p ϭ 0.011, respectively). Thus, Meth pretreatment 2 weeks before the onset of conditioning resulted in maladaptive or compulsive sex-seeking behavior.
Experiment 2. The effects of Meth pretreatment on conditioned sex aversion were dependent on concurrent Meth and mating experience. Specifically, conditioned sex aversion was not affected in sexually experienced males that received Meth pretreatment and mating experience at different times (nonconcurrent). Percentages of Meth-pretreated LiCl-paired males that displayed mounts and ejaculations were not different from saline-pretreated paired males (Fig. 4) . These data suggest that the initial association between Meth and sexual experience was a contributing factor to the effects of Meth on compulsive sex behavior.
Conditioned place aversion
Additional control experiments revealed that the inability to inhibit mating following Meth pretreatment is not due to a blunted sensitivity to LiCl-induced visceral illness, as all males formed an Overview of sexual behavior during mating sessions 1 and 3 (30 min following saline or Meth administration) and during the first day of the conditioned sex aversion paradigm (Experiment 1; 2 weeks following pretreatment of mating concurrent with saline or Meth). Latencies to mount (ML) and intromission (IL) are presented as mean Ϯ SEM.
aversion to the chamber associated with a single dose of LiCl. Specifically, both saline-and Meth-pretreated males spent significantly less time in the LiCl-paired chamber during the posttest compared with the pretest (p ϭ 0.037 and 0.045, respectively; Fig.  5A ). Moreover, the difference of time spent in the LiCl-paired chamber following the posttest versus pretest was identical in Meth-and saline-pretreated groups (Fig. 5B) .
Conditioned place preference Experiment 1
Self-report studies reveal that Meth use enhances sexual pleasure and is a primary motivation for drug use (Semple et al., 2002; Schilder et al., 2005; Green and Halkitis, 2006) . This Methinduced enhancement of sexual pleasure has not been tested in the rodent model. Therefore, CPP paradigm was used to test whether sexual behavior with Meth is more rewarding than either mating or Meth administration alone. In agreement with previ- ous studies (Agmo and Berenfeld, 1990; Pfaus and Phillips, 1991; Tenk et al., 2009) , mating in saline-pretreated control males resulted in CPP-males spent more time in the sex ϩ saline-paired chamber than the saline-paired chamber during the posttest (p ϭ 0.001; Fig. 6C,D) . In addition, control males did not form a preference for the sex ϩ saline-paired chamber over the sex-paired chamber, demonstrating that a saline injection before mating did not affect sexual reward (Fig. 6C,D) . Results showed that Meth increased CPP for sex compared with either mating or Meth alone. Males spent more time during the posttest in the sex ϩ Meth-paired chamber than the sex-paired chamber (p Ͻ 0.001; Fig. 6C ) or the Meth-paired chamber (p ϭ 0.02; Fig. 6C ), or compared with the control group (p ϭ 0.002 and 0.05, respectively; Fig. 6 D) . Therefore, sexual behavior concurrent with Meth appears to be more rewarding than sexual behavior or Meth alone in animals that were pretreated with sexual behavior and Meth concurrently.
Experiment 2
Next, it was determined whether concurrent pretreatment of Meth and sex influenced CPP for Meth alone compared with saline treatment in the unpaired chamber. Indeed, Methpretreated males that mated concurrently with each drug injection formed a preference for the Meth-paired chamber (p ϭ 0.01; Fig. 7 ). In contrast, males that received repeated saline or Meth injections without the context of mating did not show increased preference for the Meth-paired chamber during the posttest.
Experiment 3
Finally, it was tested whether concurrent Meth and mating pretreatment affected CPP for mating alone. Males pretreated with Meth and mating did not form a preference for sexual behavior, evidenced by a lack of increased time spent in the sex-paired chamber. In contrast, males that were treated with saline and mating did form a preference for the sex-paired chamber (p ϭ 0.003; Fig. 8 ). Together, these data suggest that the association between Meth and mating results in increased incentive salience for Meth in the absence of mating and for mating concurrently with Meth, but reduced incentive salience for mating in the absence of the drug.
Discussion
The current study tested the effects of repeated Meth on sexual behavior with specific focus on sexual performance, maladaptive or compulsive sex-seeking, and mating and/or Meth reward. The main finding of this study was that Meth pretreatment did not affect expression of sexual behavior, but caused compulsive sexual behavior in the weeks following pretreatment. This effect on compulsive sexual behavior was dependent on the concurrent experience with Meth and mating. Furthermore, concurrent Meth and mating pretreatments enhanced Meth reward, but reduced sexual reward. Together, these studies show that an association between Meth and mating is critical for the development or expression of compulsive sexual behavior and changes in sexual and drug reward. . Four groups were included. A, Two groups received sex ϩ saline (Sal) pretreatment and the following treatment in the paired/unpaired chamber: sex ϩ saline/sex, sex ϩ saline/saline. The first group served as a negative control, as saline was not expected to alter CPP for sex. The second group served as a positive control, as sex was expected to cause CPP. B, The other two groups received sex ϩ Meth pretreatment and the following in the paired/unpaired chambers: sex ϩ Meth/sex or sex ϩ Meth/Meth. The order in which the animals were exposed to the paired and unpaired chambers was counterbalanced within each experimental group. C, Preference score (time spent on paired chamber divided by time in paired ϩ unpaired chamber ϫ 100). Data are presented as mean Ϯ SEM. *Significant differences from pretest within the same experimental group (p Ͻ 0.05). D, CPP score (difference in time spent in the paired chamber during the posttest minus the pretest). Data are presented as mean Ϯ SEM. *Significant differences from the sex ϩ saline/sex group (p Ͻ 0.05).
Meth pretreatment, when concurrent with mating, had long-term effects on the ability of the conditioned sex aversion paradigm to inhibit sexual behavior. This effect cannot readily be explained by a deficit in learning or memory, since Meth-pretreated males did not show any evidence of impaired learning during CPP or LiCl-induced sex aversion paradigms. In addition, it is unlikely that repeated administration of the low dose of Meth caused the cognitive impairments and neurotoxicity typically seen following chronic exposure to high doses of Meth in rats (Walsh and Wagner, 1992; Friedman et al., 1998; Chapman et al., 2001; Schröder et al., 2003) and humans (Ornstein et al., 2000; Simon et al., 2002; Kalechstein et al., 2003) , as single-day Meth bingeing paradigms using the same dose as the current study did not impair objectrecognition learning and did not result in neurotoxicity (Marshall et al., 2007) . Another alternate explanation for the impaired acquisition or expression of conditioned sex aversion is a loss of sensitivity for LiCl. However, animals were equally capable of acquire a conditioned aversion to a chamber previously paired with LiCl. Hence, Meth-pretreated males did not have impaired associative memory or reduced sensitivity to LiCl or LiCl-induced illness. It appears that Meth pretreatment caused maladaptive or compulsive sex seeking, despite learned negative consequences, which is in line with human reports (Frosch et al., 1996; Halkitis et al., 2001; McKirnan et al., 2001; Rawson et al., 2002; Somlai et al., 2003; Green and Halkitis, 2006; Springer et al., 2007) .
Moreover, the effect of Meth and mating pretreatment on reduced inhibition of maladaptive sexual behavior is not readily explained by an enhanced reward associated with mating. In contrast, in animals that received concurrent Meth and mating experience, reward-seeking associated with mating was reduced. Therefore, another explanation must be proposed for the effects of concurrent Meth and mating pretreatment on the expression of maladaptive sexual behavior. A recent neuroanatomical study from our laboratory identified brain areas where Meth may mediate effects on sexual behavior (Frohmader et al., 2010c) . Here, neural activation induced by mating or Meth was examined using neural activity markers such as Fos or phosphorylation of MAPK, respectively. Meth and mating coactivated neurons in the nucleus accumbens, basolateral amygdala, and the anterior cingulate area of the medial prefrontal cortex (Frohmader et al., 2010c) and in the orbitofrontal cortex (Frohmader and Coolen, 2010) . The prefrontal and orbitofrontal cortices are of particular interest as they contribute to addictive behaviors Lasseter et al., 2010; Winstanley et al., 2010) . Moreover, hypoactivity of these brain areas has been correlated with several psychiatric conditions associated with loss of inhibitory control (Graybiel and Rauch, 2000; Taylor et al., 2002; London et al., 2005) . These lines of evidence suggest that Meth may act in these frontal cortices to cause long-term alterations that in turn mediate compulsive sexual behavior. In line with this, high incidence of compulsive sexual behavior has been shown to overlap with other psychiatric disorders, including drug addiction, anxiety, and mood disorders (Bancroft, 2008) . Also, drug-induced dysfunction of the medial prefrontal and orbitofrontal cortices are hypothesized to be responsible for reduced impulse control (Brewer and Potenza, 2008; Fineberg et al., 2010) and increased sex-directed behavior observed in many addicts (Jentsch and Taylor, 1999; Bancroft, 2008) . In agreement with this, lesions of the medial prefrontal cortex in male rats resulted in compulsive sex-seeking behavior in the conditioned sex aversion paradigm used in the current studies (Davis et al., 2010) .
Previous research has shown that repeated administration to psychostimulants or opiates enhances drug-induced reward as measured by CPP (Lett, 1989; Shippenberg and Heidbreder, 1995; Shippenberg et al., 1996) . In addition, sexual experience caused subsequent sensitization of D-amphetamine reward (Pitchers et al., 2010 ). In the current study, the effects of Meth and/or sexual experience on Meth CPP was tested under conditions that were not expected to result in drug CPP: low dose of Meth, a single conditioning trial, and testing during the dark phase of the day at times of lowest CPP (Webb et al., 2009a,b) . The sensitizing regimens of repeated Meth or of sexual experience used in the current study did not cause enhanced Meth CPP. However, Meth pretreatment concurrent with mating did enhance Meth reward, indicating that this association between Meth and mating caused an enhancement in reward seeking for Meth. These results appear in agreement with human reports of increased Meth seeking indentifying sexual pleasure during Meth taking as a primary drive for drug use (Semple et al., 2002; Schilder et al., 2005; Green and Halkitis, 2006) . It is currently unclear which components of sexual behavior are critical for the association between Meth and mating. In the current study, all males mated to ejaculation. However, our previous findings suggest that social interactions may be sufficient to induce maladaptive sex-seeking behavior (Frohmader et al., 2010a) .
Neural substrates that may mediate the enhancing effects of concurrent Meth and mating pretreatment on Meth reward include the nucleus accumbens and basolateral amygdala. Longlasting changes in dendritic spine density and morphology in the accumbens result from repeated drug administration ( and Kolb, 2004) or sexual experience (Meisel and Mullins, 2006; Pitchers et al., 2010) , and are hypothesized to mediate druginduced locomotor and reward sensitization (Pierce and Kalivas, 1997; Vanderschuren and Kalivas, 2000; Li et al., 2004) . The basolateral amygdala is critical for memory of conditioned stimuli associated with drug stimuli (Grace and Rosenkranz, 2002; Laviolette and Grace, 2006) and involved in reward sensitization and reinforcement (Everitt et al., 1999; Cardinal et al., 2002; See, 2002) . Lesions or inactivations of the basolateral amygdala block the acquisition (Whitelaw et al., 1996) and expression (Grimm and See, 2000) of conditioned-cued cocaine reinstatement. Moreover, basolateral amygdala lesions result in reduced responding for conditioned stimuli paired with food (Everitt et al., 1989) or sexual reinforcement (Everitt et al., 1989; Everitt, 1990) in rats. Therefore, it is possible that psychostimulant-and mating-induced changes in accumbens and basolateral amygdala result in potentiated reward salience of Meth.
Sensitizing regiments of drugs have been shown to facilitate sexual behavior. Sensitizing pretreatments of D-amphetamine (10 daily injections of 1.5 mg/kg) facilitate sexual behavior (Fiorino and Phillips, 1999a,b) as well as approach behavior to sexual stimuli (Nocjar and Panksepp, 2002) . Studies in female rats pretreated with Meth (three daily injections of 5 mg/kg) resulted in increased receptive behaviors (Holder et al., 2010) . In contrast, the current study did not show effects of a sensitizing regiment of Meth treatment on sexual behavior. Possible explanations for this discrepancy include the lower drug dosing used in the current study, different assessments of sexual motivation, and sex differences (Becker and Hu, 2008) .
Studies on rodent models of Meth addiction have recently focused on drug bingeing paradigms to investigate Meth-induced behavioral impairments (Belcher et al., 2008; Izquierdo et al., 2010; O'Dell et al., 2011) , neuroplastic changes (Brennan et al., 2010) , and neurotoxicity (Moszczynska et al., 1998; Kuczenski et al., 2007; Graham et al., 2008) . The main objective of these studies was to achieve plasma drug levels in the rat close to those found in human Meth addicts. In contrast, the current study demonstrated that once daily passive administration of low-dose Meth was sufficient to cause long-lasting compulsive sexual behavior. A Meth bingeing paradigm was not used for practical reasons: high doses of Meth impair sexual behavior (Frohmader et al., 2010a) and human users often use sexual performance enhancing drugs to maintain sexual function (Semple et al., 2009) . The focus of the current sets of studies was to investigate sexual reward and compulsive mating in animals with unimpaired mating behavior. The results demonstrate that compulsive sexual behavior and altered drug and sexual reward can be caused by very low drug exposure once concurrent with sexual experience and are not dependent on inducing bingeing levels of Meth in the brain.
Together, the current set of studies form an important step toward a better understanding of the effects of Meth on compulsive sexual behavior and associations between drug and sexual reward. Moreover, these data parallel those reported in human addicts; thus, the male rat model can be further used to examine molecular and structural mechanisms of Meth effects on sexual behavior and potentially contribute to future drug addiction therapies.
